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Pressure ulcers are quite rare occurring 0.5% in the population at large. However certain groups, specifically 
younger spinal cord injury patients and the elderly largely account for one million pressure ulcers a year in the 
US with 70% of pressure ulcers occurring in patients 70 years and older. A pressure ulcer is any lesion caused by 
unrelieved pressure resulting in damage to underlying tissue. They usually occur over bony prominences. The 
term pressure ulcer has been adopted by the National Pressure Ulcer Advisory Panel (NPUAP) and replaces older 
terms such as decubitus ulcers, bed sores and pressure sores. 

Historical Background 
The first record of pressure ulcers date as far back in civilization as Egyptian mummies. The earliest written 
reports of a systematic approach to the management of pressure ulcers originate from Hippocrates teachings1 as 
they focused on science rather than superstition and faith healing. In 460 B.C. as a member of the Coan School of 
Medicine on Kos Hippocrates discussed the management of pressure wounds including acute and chronic 
wounds, the concept of debridement, frequent dressings made of folded pieces of linen, splines, soaked in various 
substances, the most common being wine, olive oil, and cerate and analgesic considerations as advocated by the 
addition of pitch. Wound infection, inflammation and tension of the dressings were all given due consideration. 
He emphasized the importance of heat. 

... warmth is suppurative and the best sign of healing, but it is not applicable to every ulcer. It 
renders the skin softer and thinner, calms pain, mitigates rigor, convulsions and tetanus; it 
removes heaviness of the head ... 

The decubitus ulcer, as the pressure ulcer was known then, served as the model for the intensely debated 
neurotrophic theory during the 1800's. This theory states that the function and maintenance of all body parts and 
organs are influenced by neurotrophic factors, special nutritional substances, from the central nervous system. 
Jean Martin Charcot, born in 1825, was a prominent neurotrophic theory proponent.2 He served at a 5,000 patient 
public hospital in Paris and found acute paraplegia and the development of decubitus ulcers provided the ideal 
example of cause and effect to confirm the neurotrophic hypothesis. Unfortunately patients with chronic 
progressive disorders, in the absence of acute neurological illness, also developed skin breakdown, seriously 
jeopardizing this theory. He explained these observations by dividing skin ulceration into decubitus acutus, for 
wounds that resulted immediately after a neurological insult and decubitus chronicus to describe ulcers that 
developed over a longer period and were associated with immobility. He correlated areas of local skin ulceration 
with specific areas of central nervous system damage, linking damage to the cerebral hemispheres with buttock 
lesions and spinal cord injury to sacral wounds. Brown-Sequard was a prominent opponent of this theory and 
used experiments rather than clinical expertise to refute the neurotrophic theory. He determined the importance of 
pressure and irritation in the formation of wounds through carefully orchestrated spinal cord injury. He noted that 
in animals whose spinal cords were severed 

... no ulceration appeared when I took care to prevent any part of their bodies from being in a 
continuous state of compression, and of washing them many times a day to remove urine and feces .. .In 
cases where ulceration had been produced, I have cured it by washing and preventing compression. 
Therefore the ulcerations which appear ... can be avoided and in many cases they can be cured ... . 

Brown Sequard found an ally in Sir James Paget, a prominent surgeon living in London in the mid 1800's, who 
also felt that the neurotrophic theory was suspect. 3 He defined a bed sore as "the sloughing and mortification or 
death of a part produced by pressure". He noted that they usually occurred in the buttock, sacrum, and 
trochanteric areas. The absence of pressure ulcers on the ischial tuberosities at that time is most likely because 
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surgical patients then never sat in chairs to recuperate. He observed that these lesions occurred in deep tissues 
often before the skin sloughed off. He astutely noted that prevention would be most effective in the first week for 
hip fracture patients as bedsores primarily developed during that period and the risk greatly decreased thereafter. 
He found the majority of spinal injury patients developed their bedsores early, within 2-3 days of the initial 
insult. He instructed his doctors in training to focus nine tenths of their care on prevention " .... for if once they 
appear it is very difficult to get rid of them". 

The neurotrophic factors and their anatomical tract conduits proposed by Charcot never materialized. In 1909 
Freeman wrote that there was no evidence to support the neurotrophic theory. Kosiak in 1959 wrote the classic 
paper on the effect of pressure on wound development and acknowledged the indirect role of sensory and motor 
neurological function in the development of pre ure wounds. The word bedsore was widely used in the 
nineteenth century. The term decubitus ulcer j derived from the word "decumbere" meaning -to lie down.4 The 
National Pressure Ulcer Advisory Panel (NPUAP) was formed in 1987 and adopted the term pressure ulcer.5 The 
NPUAP is a nonprofit, independent organization dedicated to the prevention, clinical management of pressure 
ulcers and future research. 

Epidemiology 
Most pressure ulcers, between 57 to 60% of all ulcers, originate in the hospital, whereas the highest prevalence is 
found in nursing homes. The overall prevalence of pressure ulcers ranges from 10-14% in acute care hospitals, 4-
15% in home care, and 24-30% in nursing homes. 70% of pressure ulcers occur in patients who are 70 years and 
older. About 95% of pressure ulcers are located in the lower part of the body. The most common location is the 
sacrum (36% ), followed by the heel (30% ). There are four stages of pressure ulcers, with Stage 1 (non-blanchable 
erythema) being the most frequent, accounting for 47%; 3% are Stage 2 (partial thickness loss); and the 
remaining 30% include Stage 3 (full thickness) and Stage 4 (full thickness involving bone or muscle). Costs are 
extensive and must include preventive measures and treatment. Annual pressure ulcer treatment co t exceed $1.3 
billion while the cost of treating a single pressure ulcer range from $400 to $40,000.6 These are the direct co t 
but indirect costs must also include the labor costs (number and length of dre ing changes).7 

There is a five-fold increase in patient hospital stay when a new pre. sure ulcer develops.8 There are some racial 
differences, Stage 3 and Stage 4 ulcers being more commonly found in African Americans. 49% of Stage 4 
pressure ulcers versus 13% of Stage 2 ulcers remain unhealed at 1 year. Healing rates at 2 years are 97% for 
Stage 2 pressure ulcers, and 62% for Stage 4 pressure ulcers.9 Healthy People 201010 has established as one of 
its primary goals, the reduction of pressure ulcer prevalence in nursing home patients by 50%. 

Pressure ulcers have become increasingly important quality of care measures in acute and long term care settings, 
amid some controversy11 driving the search for preventive strategies. A quality of care measure should have 
clinical validity, be prevalent, and be responsive to detailed processes of care. Studies incorporating education, 
awareness and specialized interdisciplinary wound teams decreased the incidence of pressure sores but they have 
never eliminated them from any care setting. Despite the implementation of the Omnibus Budget Reconciliation 
Act (OBRA) '87 mandating changes in nursing homes, the unadjusted prevalence rates of pressure ulcers remain 
the same, and when adjusted for urinary incontinence, immobility, poor nutrition and a history of pressure ulcers, 
the relative odds of having a pressure ulcer in 1992/4 versus 1997/18 was 1.06 for all stages and 1.21 for Stage 2 
and greater.12 Occurrence of pressure ulcers very early in the hospitalization course with the majority arising in 
the first two weeks,13 rather than uniformly throughout the hospitalization, have led some researchers to highlight 
the initial long waits on gurney beds in the ER and the operating room as possible culprits and thus potentially 
modifiable, but this remains unconfirmed. 
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Pathophysiology of normal healing wounds 
Wound healing is a complex dynamic process. Acute wounds heal in an orderly and timely manner and progress 
through sequential stages, inflammation and coagulation, controlled angiogenesis, cell replication and the 
maturation stage, specifically contraction and remodeling. This carefully regulated process is reproducible from 
wound to wound, and incorporates complex interactions between specialized cells, specific growth factors and 
the extracellular matrix. Normally there is overlap between the different wound healing stages. 

Several different animal models have improved our understanding of the healing process but each one has 
limitations. The porcine model closely resembles human skin but is cumbersome, rabbit ears lack wound 
contraction and rodent skin differs with human tissue in healing rates with human wound remodeling occurring 
up to one year and rat wounds remodeling in less than one week. 

Adapted from: Jimenez, et al. Am J Surg 2004;187:56S-64S. 

After an incision, the first phase of healing is mediated by coagulation and inflammation and is completed in 5-7 
days. Initially there is hemorrhage into the wound, clots are formed with the deposition and polymerization of 
fibrin and platelets trigger an inflammatory response by releasing vasodilators, growth factors and activating the 
complement cascade. The healing process14 is mediated by these soluble polypeptide growth factors promoting 
the migration of neutrophils and fibroblasts to the wound. There are a wide variety of growth factors including 
platelet-derived growth factor (PDGF), transforming growth factor a (TGF-a), transforming growth factor~ 
(TGF- ~), interleukin-1, interleukin 2, vascular endothelial growth factor (VEGF), epidermal growth factor 
(EFG), fibroblast growth factor (FGF), and nerve growth factor (NGF). Cell migration towards a gradient of 
soluble growth factors is termed chemotaxis and is integral to the process of wound healing. The first recruited 
cells are polymorphonuclear cellsY They secrete inflammatory cytokines or growth factors, clean the wound of 
foreign materials, promote vascular permeability and enhance fibroblast activity. Subsequent recruitment of 
activated macrophages replaces neutrophils, initiates phagocytosis and assists in destroying infectious agents. 
They too produce and release several growth factors including PDGF, TGF-a, TGF-~, FGF and interleukin-1. 
The macrophages are thought to play a critical role in coordinating the transition from the inflammatory to 
proliferative phase of wound healing. 
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The second phase of wound healing focuses on cell proliferation16 and follows the initial insult and, similar to the 
first phase, lasts about one week. Extensive keratinocyte, (epidermal skin cells), and fibroblast proliferation, with 
angiogenesis and formation of granulation tissue predominate this phase. Blood vessels allow various cells and 
cytokines to access the wound site. Angiogenesis is the formation of new blood vessels from an existing vascular 
bed. It begins with basement membrane dissolution, endothelial migration and proliferation, vacuole production 
with lumen formation completing the process.17 Angiogenesis while ubiquitous in the embryo, in adult i rare 
and largely confined to the female reproductive system and wound healing.18 Angiogenesis is promoted by low 
oxygen tension at the wound site and angiogenic factors released by platelets and macrophages. VEGF is a very 
important regulator of angiogenesis in vivo. It is the most powerful mitogen for endothelial cells and facilitates 
hyperpermeability of the microvasculature to macromolecules. VEGF is detected in keratinocytes during wound 
healing and has been found in all zones of chronic pressure wounds.19 

Human dermal fibroblasts (HDF) migrate to the wound bed.20 These synthetic cells deposit a collagen-rich 
matrix, termed the extracellular matrix (ECM). The extracellular matrix plays a critical role in wound healing 
and consists of type 1 collagen, fibronectin, fibrinogen, fibrin and vitronectin Fibronectin is an extracellular 
matrix glycoprotein that promotes cell migration, cell attachment and spreading.Z1 A fibronectin fragment 
promotes macrophage recruitment and fibroblasts produce additional fibronectin. The production of ECM 
becomes clinically apparent with the formation of granulation tissue. It has a granular appearance due to the 
neovascularization process from capillary loops and the migration of macrophages, and endothelial cells. The 
fibroblasts promote signaling as they secrete growth factors important for cell to cell communication. Fibroblasts 
also produce tenascin, fibronectin and proteoglycans such as hyaluronic acid. As new matrix is formed the 
existing matrix is degraded by several enzyme systems such as matrix metalloproteinases and plasminogen 
activators. Metalloproteinases (MMPs) are a collection of more than 14 enzymes that possess proteolytic activity. 
Tissue inhibitors regulate the action of MMPs. 

Nerve growth factor (NGF), initially described 50 years ago, was recognized as integral to the healing process in 
1980 by Li, et al. when removal of murine submaxillary glands containing large amounts of NGF resulted in poor 
wound healing. NGF is produced by fibroblasts and epithelial cells.Z2 These cells possess NGF receptors and 
respond to the action of NGF. NGF in turn stimulates VEGF production. 
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Epithelial cell migration and wound contraction result in reepithelialization and wound closure. In partial 
thickness wounds the epidermal cells (keratinocytes) are supplied by the hair follicles and the sweat glands. In 
full thickness wounds the epithelial cells must migrate from the wound margins, thought to be facilitated by EGF, 
TGF- a, FGF, and PDGF. 

Maturation is the final phase of wound healing. This may last up to one year and incorporates remodeling, 
reorganization of collagen, contraction and increasing the tensile strength of the wound. Several proenzymes are 
critical to this phase, collectively known as matrix-degrading metalloproteinases. There are three different 
groups, the collagenases, gelatinases and the stromalysins. There is a reduction in cell content and blood flow in 
the scar tissue. The healed wound only regains 70-80% of its pre-injury strength. 

Some changes occur in older skin that may explain the higher prevalence of pressure ulcers in the elderly 
patients. Aging skin shows decreases in local skin vascularity, loss of collagen elasticity, thinning of the 
subcutaneous fat layer and flattening of the epithelial layers. However these changes may actually reflect effects 
of chronic solar radiation exposure rather than age per se. Thus extrinsic aging, mainly UV radiation from 
sunlight and intrinsic aging effect, skin changes found in sun protected areas, combine to produce the evident 

. f~ 23 agmg e .1ects. 

Chronic wound healing 
Chronic wounds in marked contrast to acute wounds have very different properties. Unlike the carefully regulated 
and timely progression of normal healing, these wounds appear to stagnate in the inflammatory and proliferative 
phases. Fibroblasts and epithelial cells cover 80% of tissue cultures of normal skin within 3 days whereas only 
70% of the surface is covered from pressure ulcer biopsy specimens in 14 days.24 There are increased levels of 
enzymes that degrade fibronectin and vitronectin. Pro-inflammatory cytokines are elevated in fluid from chronic 
wounds and they decrease as healing occurs.25 MMPs play an important role in cell migration and modification of 
the ECM. Chronic non healing ulcer fluid contains elevated levels of matrix metalloproteinases (MMPs ). 
Neutrophil elastase is more abundant in chronic wounds and interferes with the action of platelet-derived growth 
factor and transforming growth factor-~. In vitro studies show that interleukin-1 and tumor necrosis factor-a 
directly stimulate the production of MMPs. Diegelmann26 found dense neutrophil infiltration near the surface of 
pressure ulcers and an increased density of blood vessels in the deeper regions. He suggests that neutrophils 
persistence may be responsible for the extensive matrix dissociation found in chronic wounds. While the 
pathoph;siology of established chronic wounds is being extensively studied, the clinical definition of a chronic 
wound2 and the transition from acute to chronic wounds is somewhat arbitrary and is related28 to the etiology, 
duration of healing and location as well as the patient's age, diseases and comorbidities. 

Tissue ischemia as a consequence of pressure is the basis of developing animal models to study the formation of 
chronic wounds. A pressure ulcer is an infarction with a central area of necrosis and a surrounding penumbra that 
if reperfused in a timely manner will fully recover. 29 Repetitive ischemic perfusion injuries produce tissue 
necrosis as does a single exposure to high pressure. Early experiments of ischemia-reperfusion (1-R) were 
performed on anesthetized canine or porcine models, but the magnitude of the anesthesia effect is unknown. A 
murine model of pressure necrosis using magnetic compression has been developed30 that exhibits the gross, 
histological and molecular features of ischemic perfusion in alert animals. One of the main focuses of these 
models is to determine the critical time required to produce irreversible ischemia and successful interventions. 

Risk Factors 
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Certain factors, intrinsic and extrinsic to the patient, predispose patients to develop pressure ulcers. Intrinsic risk 
factors are the summation of an individual's physiolo?ic state, diseases and co-morbidities that predispose them 
to develop pressure ulcers. They include immobility,3 hypotension, malnutrition, and diabetes. Extrinsic factors 
are potentially more modifiable and include pressure, shear, friction and moisture-- the greatest being pressure. 
Forty years ago Kosiak who is considered the father of modern pressure ulcer treatment studied the time and 
pressure required to produce tissue necrosis in dogs. He found that exposure to brief periods of high intensity 
pressure, recurrent pressure without relief, or extended periods of low pressure produced similar damage and 
these changes were found at every level from the skin surface to the bone. When complete relief of pressure was 
instituted normal cellular metabolism was restored within a one to two hour timeframe in most cases. Skin is 
most resistant to pressure32 due to its low metabolic rate and the architecture of the capillary loops, whereas 
muscle is particularly sensitive to pressure as a result of its high metabolic rate and vessel compressibility. 
Pressure induces injury in a cone-like fashion and the wound circumference is much larger than the visible 
surface wound, akin to the tip of an iceberg. 

Friction occurs when skin is damaged by another surface, such as moving a patient in bed, oxygen tubes located 
behind the ears. Usual injuries from this type of force are blisters and erosions. 

Shearing forces are at work when a patient inadvertently slides down a hospital bed. The patient's torso slides 
down, transmitting forces to the sacrum and deep fascia, meanwhile friction has prevented movement of the skin 
over the sacrum. The blood vessels in the deep layers of the skin are stretched and angulated causing vessel 
thrombosis and subsequent necrosis. Shear forces are responsible for extensive deep tissue damage that is not 
visible on the skin surface until 5-7 days after the insult. Incorrect patient transfers, repositioning and assigning 
the head of the bed higher than 30 degrees are major contributing factors. 

Moisture on the skin facilitates greater damage caused by friction and shear forces. Excess moisture occurs when 
patients have incontinence, diaphoresis, anasarca, wound drainage and fistulas. Fecal incontinence is more 
destructive than urinary incontinence as it converts urea to ammonia, increasing skin pH and increases skin 
permeability. 
These forces often occur together and work in synergy. When shear forces are present, the amount of pressure 
required to disrupt skin blood flow is halved as shown by Dinsdale. 33 

Risk Assessment 
Pressure ulcer management incurs substantial investments in time, expertise and costs to both the health care 
system and the individual. Several scales have been developed to identify high risk patients prior to the 
development of these ulcers with the intent that intervention would prevent their development. Probably the most 
renowned scale is the Norton scale first devised in 1962 and expanded to the Waterlow scale, now used mainly in 
the UK while the Braden scale is largely employed in the US. The Norton scale contains five subscales 
measuring mobility: moisture exposure, physical activity, general condition and mental status. It has a sensitivity 
of 73-92% and a specificity of 61-94%. The Braden scale is composed of 6 subscales (Appendix 1 )34 and 
includes the first three subscales from the Norton scale and also assesses nutrition, friction/shear force and 
sensory perception. Its sensitivity is 83-100% and specificity is 64-77%. Total possible scores range from 3-23 
and lower scores predict greater risk for pressure ulcer development. Prediction accuracy improves when the 
Braden scale is administered 24-48 hours after admission to an acute care setting and one week after admission to 
long term care settings, confirmed by two studies. It is favored in the US because this scale can be applied to 
different races. Regarding useful cut-off scores, a cut-off score of 16 indicates high risk for elderly patients. Some 
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racial heterogeneity is observed with a cut-off score of 16 being most predictive for African Americans and 
Latinos under 75 years and a score of 18 for Mrican Americans greater than 75 years. 

One major flaw of the Braden scale concerns acute care settings as 69 to 79% of patients classified as at risk will 
not develop pressure ulcers incurring costly and unnecessary expense. In addition, pressure ulcers originating in 
the deep muscle layers near bony prominences progress towards the surface, whereas current assessment 
techniques tend to focus on the skin with scant attention to deeper skin layers. No controlled trial has found that 
risk assessment decreases the incidence of pressure ulcers. 35 A valid and reliable risk assessment scale that is 
easy to perform that more accurately selects high risk patients would be very cost effective and improve nursing 
expertise utilization. 

Comprehensive assessment 
A comprehensive assessment36 is required for every patient presenting with a pressure ulcer. The patient's history 
and physical status are evaluated and special attention focuses on the patient's nutritional status, co-morbidities, 
psychosocial health, functional status and pain assessment. Extensive local efforts to heal the wound are highly 
likely to fail without this thorough evaluation and management of the whole patient. 
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Wound evaluation 
At the local site, the pressure ulcer is systematically evaluated. The evaluator documents the pressure ulcers 
location, stage, size, depth, presence or absence of drainage, necrosis, granulation tissue, infection and the 
surrounding skin. Other high risk areas are also examined, such as skin overlying ischial tuberosities, sacrum, 
greater trochanters, when evaluating a heel ulcer. There are areas of the skin at greater risk for pressure ulcer 
development when patients are placed in certain positions for extended periods: supine position- buttocks and 
heel areas, sitting position- ischial tuberosities and patients who lie on their side -trochanters. 

The area of the wound is particularly helpful as part of the ongoing wound assessment and clear plastic 
measurement sheets are frequently used. The largest perpendiculars are documented for irregular lesions. The 
length is the head-to-toe axis and the width is the hip-to-hip axis, by consensus. Undermining is the extension of 
the wound under the surface and parallel to the skin surface. Tunneling is a tract leading away from the wound in 
any direction. Documentation of the tract directions follow the analogue clock with 12 o'clock located at the 
patient's head and 6 o'clock at the patient's feet, a typical description is a 2cm tract at 4 o'clock. 

Size, drainage and necrosis dictate the choice of dressing. The amount and odor of drainage is documented and 
necrosis or eschar must be removed for pressure ulcers to heal. Granulation tissue indicates wound healing, 
usually starts at the periphery of the wound, tissue is red/pink and granular in appearance. Cellulitis is also 
erythematous but unlike granulation tissue is associated with tenderness, warmth and/or edema and regression of 
wound healing. 

Staging 
All prevalence, incidence, quality measures and outcome data on pressure ulcers rely heavily on the staging 
process. The most familiar classification of pressure ulcers is the modified Shea four level staging system (US 
Dept Health Pressure ulcer treatment),37 Stage 1 to 4. 

Stage 1 pressure ulcers are defined as non-blanchable erythema or persistent erythema in lightly pigmented 
skin. Additionally in darker skin, persistent purple or blue represents a pressure ulcer. The National Pressure 
Ulcer Advisory Panel has expanded this definition to include a local change in skin in comparison to surrounding 
skin including bagginess, increased pain or itching, warmth or induration. Stage 2 pressure ulcers involve 
partial thickness skin loss involving the epidermis and/or the dermis and present as blisters, abrasions or shallow 
craters. Stage 3 pressure ulcers are full thickness lesions with damage or necrosis of subcutaneous tissue. These 
lesions extend to but do not penetrate the fascia. They present as deep craters with or without undermining of the 
adjacent tissues. Stage 4 pressure ulcers are full thickness skin loss with tissue necrosis and damage to bone, 
muscle or tendons. 

Pressure ulcers staging is exclusively performed at initial presentation or when a pressure ulcers proceeds to a 
higher stage, and not on an ongoing basis as there is no reverse staging system in the healing process. 

There are several concerns about this staging system. Ulcers cannot be staged until the eschar has been removed. 
When pressure ulcers develop they do not progress in a sequential manner through the staging system and thus a 
Stage 1 or a Stage 2 may progress directly to a Stage 4 ulcer. Similarly there is no reverse staging, as a Stage 4 
ulcer heals it is termed a healing Stage 4 as it does not become a Stage 3. Pressure ulcers heal forming scar tissue, 
not normal skin. Equally important, many Stage 4 ulcers initially present as Stage 1 ulcers, but patients with stage 
1 ulcers may be inadvertently classified initially as having an ulcer of minor importance. 
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Taler38 has advocated an alternative staging system designating wounds as either superficial or deep. Superficial 
ulcers have minimal or no long term sequelae and basically "what you see is what you get" meaning the full 
extent of the injury is obvious immediately following the initial event, i.e. trauma, friction or shear. They heal by 
simple local care usually within 30 days. It is very rare for these superficial wounds to become Stage 3 or Stage 4 
ulcers. Deep wounds, on the other hand, become obvious much later than the initial injury, no sooner than one 
week. This becomes a very important issue in transferring acute care patients to nursing homes where pressure 
ulcer incidence is a marker for quality of care, particularly the development of Stage 3 and 4 ulcers. These deep 
ulcers take months to years to heal as they heal by secondary intention. Patients may experience significant 
systemic effects based on the volume of necrosis and the extent of the inflammation. 

Wound Management 
Tissue load management is considered integral to pressure wound treatment. The 2 hour turning rule has some 
vague origins. A home health care handbook dating from World War I cites: if a patient is at all in a condition to 
move, he should be turned on his side and allowed to remain in that position for a few hours. Diapers were 
routinely changed every 2 hours. During World War II, an English hospital caring for spinal cord patients noted 
longer survival rates due to antibiotics but also an increased prevalence of devastating wounds due to plaster 
casts. The house physician, Sir Ludwig Guttman requested a group of orderlies to turn patients, "log rolling" and 
it is said that it took this physician 2 hours to do daily rounds, hence the 2 hour rule. 

Wound dressings 
More than forty years ago Orland39 observed that a covered blister healed faster. Wounds that contain eschar or 
necrotic tissue require debridement prior to healing because of the higher likelihood of infection and delayed 
healing. There are 4 types of debridement, surgical, mechanical, enzymatic and autolytic debridement and the 
type of wounds dictates which method is optimal. Surgical debridement is rapid, effective, can be performed at 
the bedside or in the operating room. It is preferred when infection is present. However it can be painful and 
nonselective with inadvertent removal of healing tissue. Mechanical debridement is achieved using wet-to-dry 
dressings where gauze is soaked in saline, placed on the wound and removed 8 hours later after it has become 
dry. It also is non-selective, painful and has low material cost but high labor requirements. Hydrotherapy 
provides an alternative mechanism of mechanical debridement. It gently removes necrotic tissue but is time 
consuming, costly and requires hygienic equipment maintenance and access. Daily whirlpool has been effective 
in healing Stage 3 and 4 pressure ulcers. Enzymatic debridement is recommended for small areas of necrosis 
(large areas would not be cost-effective), is painless, slower but more selective than surgical or mechanical 
debridement. It cannot debride a hard dry eschar. Urea/papain (Accuzyme) is an example of enzymatic 
debridement. Autolytic debridement uses occlusive dressings and allows the body's own enzymes to break down 
necrotic tissue. Patients suffer little discomfort, dressing changes can be relegated to a caregiver and debridement 
is highly selective. Occlusive wound dressings promote moisture retention and healing, decrease pain and 
bacterial overgrowth, while protecting surrounding skin. 

Common Dressings for Treating Pressure Ulcers 
Dressing Indication 

Transparent film Stage I ulcer 
Protection from friction 

Foam island Stage II, III 
Low to moderate exudate 

H ydrocolloids Stage II, III 
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Example 

Tegaderm 
Op-site 

Alleyn 
Lyofoam 

Duoderm 



Petroleum-based 
Nonadherent 

Alginate 

Hydrogel (amorphous gels) 

Low to moderate drainage 
Good peri-wound skin integrity 
Left in place 3-5 days 
Can apply over alginate to control drainage 
Must control maceration 
Apply skin prep to intact skin to protect from 

Adhesive 

Stage II, III 
Graft sites 

Stage II, III, IV 
Excessive drainage 
Requires secondary dressing 
Must use skin prep 
Control for maceration 

Stage II, III, IV 
Needs to be combined with gauze dressing 
Stays moist longer than saline gauze 
Alternative to saline gauze for packing deep 
wounds 

with tunnels, undermining 
Control for maceration 

Tegsorb 

Vaseline gauze 

Sorbsan 

Intrasite gel 
Solosite gel 

Gauze packing Stage III, IV Square 2x2s, 4x4s 
Wounds with depth, especially those with tunnels, Fluffed Kerlix 

Undermining Plain Nugauze 
Adapted from: Geriatrics Review Syllabus, American Geriatrics Society, 2001:115-116. 

It is well established that physiologically moist wounds heal faster. 40 There are several different categories of 
occlusive dressings: alginates, collagen dressings, films, foams, hydrocolloids, hydrogels, hydrofibers, 
hydropolymers and superabsorbents. Each category of dressings possesses particular strengths and weaknesses, 
and selected depending on the individual character of the wound. 

Alginates, derived from seaweed, are highly absorbent and nonadherent, making them particularly effective for 
heavy draining wounds. Collagen dressings are useful for moderate draining wounds. Films are transparent, 
impermeable to bacteria and fluids and prevent dehydration. They are selected for sutured wounds, lacerations 
and superficial burns and do not absorb exudate. Foams are useful for infected wounds and moderate to heavy 
draining wounds. Hydrocolloid dressings are bacterial resistant and are frequently used in wound healing, 
adhering to surrounding skin but not to the wound bed. They require dressing changes every 2-3 days, 
particularly suiting superficial wounds and do not damage epithelial cells. Very exudative wounds can overcome 
its adhesive properties. Hydrogels are useful for superficial and deep ulcers and soften hard eschar, largely 
replacing wet-to-dry dressings. They are non-adherent requiring a secondary dressing and have very limited 
bacterial protection. They possess cooling properties, promoting pain relief and decreasing inflammation. Prior to 
placing a dressing the wound needs to be cleaned with normal saline. Topical antiseptics, hydrogen peroxide, 
acetic acid, iodophor and providone iodine are not recommended and should not be used as wound cleansers. 
Monitor and prevent over-packing of dressings to avoid undue pressure to the area. Dressings should be changed 
when they fall off or fluid is seen leaking from the site, ranging from 5 days and 3 weeks. 

Despite the mltriad of dressings available for pressure ulcer treatment there are few randomized controlled trials. 
Rhodes, et al. 1 found topical phenytoin sulfate healed Stage 2 ulcers (n = 4 7) faster than Duoderm or triple-
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antibiotic ointment, eight participants did not complete the study. Graumlich, et al.42 performed a single-blind 
randomized study on 65 patients, median age of 83.1 years, Braden scale score of 12, with Stage 2 or 3 pressure 
ulcer comparing collagen and hydrocolloid dressings. Mter 8 weeks similar rates of healing were observed, 51% 
in collagen recipients and 50% in hydrocolloid recipients, collagen was more expensive and provided no 
additional benefits. There has been extensive study of the role of growth factors in non-healing wounds in vitro; 
however, the benefit of providing additional growth factors in the clinical setting is variable. This may be related 
to timing of growth factor replenishment43 and a direct consequence of how well the wounds are debrided, 
presumably converting the chronic wound to an acute wound and thus reducing the levels of MMPs.44 

Recombinant human platelet-derived growth factor-BE, al o known as Refanex, has been approved for non
healing wounds by the Food and Drug Administration. Castronuova, et a14 howed that it remain biologically 
active in chronic wound fluid 12 hour after topical application. Rees, et a1.46 (ref 14 in the promi e of topical 
growth factors in healing pressure ulcers) performed a 16 week randomized double blind placebo control trial 
with 124 enrollees comparing 3 doses of Regranex, Becaplermin gel, to placebo. Regranex increased the 
incidences of healing and 90% or greater healing compared to placebo at follow-up. There was a negative dose 
response effect with healing rates of 23% in the 100 ~g/g a day group, 3% in the 100 ~g/g twice a day group, 
19% in the 300 ~gig a day and 0% in the control group. Both the negative dose response and the absence of any 
healing effect in the placebo group are concerning. 

Mustoe, et al.47 conducted a RCT with 41 enrollees who had Stage 3 or Stage 4 pressure ulcers. At 28 days there 
was no difference in ulcer volume, after adjusting for initial volume, between placebo and the Regranex group. 

Topical treatment of nerve growth factor in patients with pressure ulcers has been evaluated with a six week 
randomized controlled trial of 36 nursing home patients with foot ulcers.48 Pressure ulcers healed in 8 of the 
active group, whereas only one ulcer healed in the placebo group. Foot ulcers (mainly heel ulcers) were evaluated 
and the treatment effect can be largely accounted for by the lack of effect in the placebo group. Sequential use of 
growth factors may show greater healing rates as this more closely resembles the physiologic healing process.49 

Heel ulcers are the exception to the standard of care of removing eschar from a pressure ulcer and then applying 
indicated dressings. Heel skin is particularly vulnerable50 because it has a small subcutaneous tissue volume in 
relation to its bony surface, bears a substantial amount of the body's weight, is prone to neuropathy and is 
associated with impaired perfusion. Heel ulcers frequently occur in the presence of arterial disease and healing is 
slower compared to other sites. Consensus dictates that heel wounds are not debrided unless infection or 
inflammation is present and if debridement is considered it should accompany a comprehensive vascular 
evaluation. 

Reevaluation 
When a pressure ulcer care plan for an individual patient has been developed and implemented, wounds are 
evaluated at frequent intervals usually dictated by dressing change timing unless a patient develops local or 
constitutional symptoms of infection. Eleven quality indicators for the prevention and management of pressure 
ulcers have been proposed and validated in vulnerable elderly patients. These ACOVE guidelines51 recommend 
evaluation of treatment appropriateness, advocating for a change in treatment plan if there is no improvement in 
Stage 2 ulcers after 2 weeks of treatment and 4 weeks for a Stage 4. 

Pressure relieving devices 
Numerous devices have been designed to relieve tissue load for beds and wheelchairs. 
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Wheelchair cushions 
Wheelchair cushions are designed with certain considerations in mind: to distribute weight away from vulnerable 
bony prominences, such as the ischial trochanters and the coccyx, to provide comfort, and to enhance the 
patient's balance. When prescribing a wheelchair cushion therapists consider multiple aspects52 in the individual 
patient: the patient's diagnosis and upper extremity function, the length of time the patient will spend in it on a 
daily basis, activities that the patient needs to perform, continence, balance, living arrangements, body build, 
postural challenges, cleaning accessibility and the patient's skin integrity history. In addition, an early choice of 
cushion may require revision as a patient's long-term rehabilitation needs become apparent. 

Static wheelchair cushions may be air-filled, flotation or polymer foam. Air filled cushions are light weight, easy 
to clean and maintain, but subject to puncture. The best known example is the ROHO cushion. Flotation cushions 
may be either gel or filled and are designed to adjust to the body's movement and to substitute for fat tissue. They 
are easy to clean but heavy and must be stored flat. An example would be the Jobst cushion. Polymer foam 
cushions are particularly useful because they can inexpensive and can be easily customized regarding, shape, 
thickness, and size. They cannot be washed and wear out more rapidly. The Jay cushion is an example of a foam 
and gel cushion. Doughnut cushions are detrimental to pressure redistribution and are more likely to cause 
pressure ulcers. Patients seated in wheelchairs should be repositioned every hour and when patients can move 
themselves, encouraged to shift their weight every 15-20 minutes. 

Mattresses 
Nursing care and turning the patient regularly must accompany any off loading device. There are a variety of 
mattresses available that are marketed as static or dynamic products. Foam mattresses are the most commonly 
used static overlays, and are chosen because of their light weight, minimal maintenance, versatility, and low cost; 
however, they have to be replaced frequently, retain moisture and are not washable. There is no advantage of one 
contour over another. Air overlays are also static devices and are placed over normal mattresses. They can be air
filled (interconnecting cells, once inflated remain so, unless punctured) or low air loss (air filled cells, controlled 
by a continuous flow from an electric pump). 

Selected characteristics for classes of support surfaces 

Support devices 

Air- Static Standard 
Performance characteristics fluidized 

Low-air-loss Alternating-air flotation (air Foam 
mattress 

or water) 

Increased support area Yes Yes Yes Yes Yes No 

Low moisture retention Yes Yes No No No No 

Reduced heat accumulation Yes Yes No No No No 

Shear reduction Yes ? Yes Yes No No 

Pressure reduction Yes Yes Yes Yes Yes No 

Dynamic Yes Yes Yes No No No 

Cost per day High High Moderate Low Low Low 
. . . 

From: U.S. Department of Health and Human Servtces, Qutck Reference Guide for Cltmcwns, No. 15. Pressure Ulcer Treatment. AHCJU> 
Publication No. 95-0653, 1994. 
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Alternating air overlays are dynamic and are inflated and deflated in cycles. They require initial set up, close 
monitoring and ongoing maintenance. "Bottoming out" occurs in both static and dynamic devices; it occurs when 
there is less than one inch of support material present between the palm of the examiner's hand and the patient's 
skin surface and needs to be closely monitored and avoided. Water and gel filled mattresses are also available. 
Water devices are less expensive than gel, both are washable, and durable but require fluid/gel level monitoring 
and have a potential for leakage as well as being extremely heavy. 

Low air-loss beds contain multiple air-permeable fabric pillows attached to a modified hospital bed frame. Skin 
evaporation is increased and there is poor evidence to show a reduction in pressure ulcer incidence. Air-fluidized 
beds allow patients to "float" and consist of microspheric silicone-coated beads suspended by strong streams of 
warm air. These patients may lose large amounts of insensible fluids, so dehydration and hypo and hyperthermia 
can be avoided.5 The majority of studies show the utilization of any of these devices is associated with a lower 
incidence of pressure ulcers in high risk patients compared to standard hospital beds alone, and effects are similar 
with static or dynamic products. 

Adjunctive therapy 
Various types of therapy have been advocated for recalcitrant Stage 3 and 4 wounds including hyperbaric 
oxygen, electric stimulation, low-energy laser radiation, vacuum-assisted closure devices and therapeutic 
ultrasound but these are largely unsupported by any rigorous evaluation. Vacuum assisted closure devices are 
popular and are based on the premise that negative pressure promotes wound healing. The V AC therapy was 
approved by the FDA in 199554 for treating chronic wounds and was further developed by Argenta and 
Morykwas in 1997. It consists of a foam sponge placed on the wound, and a non-compressible drainage tube, 
connected to a negative pressure pump. Pumps can be set at various pressure settings, and can be intermittent or 
continuous. Continuous-negative pressure is used initially to remove excess chronic wound fluid and edema and 
is thought to promote angiogenesis. Advantages include feasibility across various clinical settings such as acute 
care hospitals, the patient's home and nursing homes, decreased overall cost as there are smaller numbers of 
dressing changes (usually fewer than three times a week), with less nursing time and patient experience less 
painful dressing changes than with traditional dressings. It is not recommended for wounds with fistulas, or 
necrotic wounds, and should be used cautiously in anti-coagulated patients. Wanner, et al.55 found no difference 
in time to reach 50% of the initial wound volume (n = 22) when VAC was compared to traditional dressings. 

Wound infection. 
Bacterial colonization of pressure ulcers is usual. Number of organisms/ml does not predict clinical infection or 
necessarily interfere with the healing process, so collection of superficial swabs from wounds is not 
recommended. Certain bacteria are found in healing wounds whereas others are predominantly found in stagnant 
or worsening wounds. Streptococci and enterococci are commonly found in healing wounds. 56 Pseudomonas 
aeurginosa, Providencia species, Peptococci, Bacteroides, and Clostridia are predominant in worsening wounds 
and are scant or absent in healing wounds. 57 A cohort study58 showed 30% of hospitalized patients admitted with 
chronic wounds (N=545) were colonized with MRSA and MRSA bacteremia occurred in 6% of these patients. 
Clinically we diagnose wound infections when there is local edema, erythema, purulent exudate, or the patient 
develops constitutional symptoms such as fever. Foul odor may or may not indicate infection with anaerobic 
organisms. Topical silver sulfadiazine 1% does improve infected wounds, topical metronidazole is first choice 
when anaerobic infection is suspected. Systemic infection and osteomyelitis require intravenous antibiotics. 38% 
of infected ulcers are complicated by osteomyelitis. Plain x rays are of little value. CT scan is more useful with a 
reasonable specificity of 90% but a sensitivity as low as 10%. A needle biopsy is considered the most useful test 
with a specificity of 96% and a sensitivity of 73%. 
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Nutrition 
Correction of nutrition focuses on protein intake, glycemic control and hyperlipidemic control. With every 1% 
increase in glycosylated hemoglobin above normal there is a 25% increase in the risk of lower extremity 
amputation. 

Nutrition and prevention. 
Animal studies59 show a direct relationship between nutrition and wound healing: wound healing is markedly 
diminished with low protein diets, caloric restriction and chronic protein malnutrition. Few, relatively poorly 
designed human studies with low enrollment numbers provide information on the prevention of pressure ulcers 
and nutrition. Expert panels recommend60 nutritional support without supporting data. Bourdel-Marchasson, et 
al61 in an observational study (n = 402) found oral nutrition supplementation in high risk patients had no effect on 
the incidence of pressure ulcers, prevalence at discharge, or mortality. One randomized control trial62 evaluating 
overnight supplemental enteral feeding in hip fracture patients (n=62), showed no difference in the incidence or 
severity of pressure ulcers or the total serum protein despite a 2-3 fold higher protein and caloric intake in the 
tube-fed group. This study was marred by poor tolerance to tube feeds 

The role of Vitamin C in pressure ulcer healing 
Vitamin C exists in two 2 forms: ascorbic acid and dehydroascorbic acid. It is an essential water soluble organic 
substance whose main physiologic function reflects its ability to act as a reducing agent. Vitamin Cis intimately 
involved in the proliferative and modeling stages of wound healing. 63 It acts as a cofactor with iron in the 
hydroxylation of proline and lysine to form and establish cross-linkages in collagen. It also promotes fibroblast 
formation, up regulates collagen gene expression and cellular procollagen secretion. In addition the phagocytic 
function of neutrophils depends on its presence. However there are no routine laboratory tests available to 
measure it. A literature review suggests patients should be evaluated for Vitamin C deficiency as part of a 
complete nutritional assessment. Supplementation may be beneficial for patients with a preexisting deficiency. It 
is not recommended in the absence of vitamin deficiency. In patients with a high index of suspicion for Vitamin 
C deficiency or documented deficiency, only administer daily doses as recommended by the USDA allowances. 

The role of zinc in pressure ulcer healing 
Zinc is the second most abundant trace element. It plays a crucial role in DNA production, enzymatic synthesis 
and activation, and affects all phases of wound healing.64 Proteins promote its absorption whereas vegetarians 
often require 50% more zinc to overcome phytate, a plant derived component that inhibits its absorption. Zinc 
deficiency presents clinically with hair loss, diarrhea, cognitive slowing, erectile dysfunction, slow wound 
healing and skin and eye lesions. While the significance of zinc in wound healing is indisputable, its specific role 
has not been elucidated. During the initial phase of healing, inflammation, zinc levels transiently decline 
promoting early wound healing by slowing maximal phagocytosis and immune function. Several animal and 
human studies have demonstrated that zinc is pivotal in the later stages of wound healing, tissue regeneration and 
repair, and zinc deficiency delays wound healing. The recommended daily intake, RDI, is llmg in adult males 
and 9 mg for adult females. Two randomized controlled studies, using daily dosages of 220 mg of zinc sulfate, 
showed no difference in wound healing (57 men at 10 weeks and 14 men at 3 months, respectively). Clinical 
recommendations urge comprehensive nutritional assessment in pressure ulcer patients. As zinc deficiencies 
rarely exist in isolation, a multivitamin containing zinc in malnourished patients is recommended. Administer the 
RDA dose of 220 mg a day, avoiding extra supplementation as toxicity is associated with poor wound healing 
and gastric symptoms such as nausea, vomiting and diarrhea. Doses as low as 150 mg twice a day in a group of 
men demonstrated impaired lymphocyte and neutrophil function. 
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Conclusion 
Pressure ulcers are prevalent across multiple health care settings. The prevention and treatment of these pressure 
ulcers incur considerable resource utilization for the individual, and the health care delivery system. The medical 
management of pressure ulcers is burdened by the patient's disease and comorbidities, the chronicity of the 
wounds, the largely empiric treatment plans, the physician's relative disinterest or unfamiliarity with 
management options and the effectiveness of prevention. However, there has been considerable progress during 
the past decade to delineate acute versus chronic wound healing, determine the role of growth factors and provide 
expert panel consensus algorithms to improve care. 
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Appendix 1 
Patient's Name: 

SENSORY 
PERCEPTION 

Ability to respond 
meaning-fully to pressure
related discomfort 

MOISTURE 

Degree to which skin is 
exposed to moisture 

ACfiVITY 

Degree of physical 
activity 

MOBILITY 

Ability to change and 
control body position 

NUTRITION 

Usual food intake pattern 

FRICfiON & SHEAR 

1. Completely Limited 
Unresponsive (does not 
moan, flinch or grasp) to 
painful stimuli, due to 
diminished level of 
consciousness or 
sedation. 

OR 
Limited ability to feel 
pain over most of body 
1. Constantly Moist 
Skin is kept moist almost 
constantly by 
perspiration, urine, etc. 
Dampness is detected 
every time patient is 
moved or turned. 

1. Bedfast 
Confined to bed. 

1. Completely Immobile 
Does not make even 
slight changes in body or 
extremity position 
without assistance. 

1. Very Poor 
Never eats a complete 
meal. Rarely eats more 
than (?) of any food 
offered. Eats 2 servings 
or less of protein (meat 
or dairy products) per 
day. Takes fluids poorly. 
Does not take a liquid 
dietary supplement 

OR 
Is NPO and/or 
maintained on clear 
liquids or IVs for more 
than 5 days. 
1. Problem 
Requires moderate to 
maximum assistance in 
moving. Complete lifting 
without sliding against 
sheets is impossible. 
Frequently slides down 
in bed or chair, requiring 
frequent repositioning 
with maximum 
assistance. Spasticity, 
contractures or agitation 
leads to almost constant 
friction. 

Evaluator's Name: 

2. Very Limited 
Responds only to painful 
stimuli. Cannot communicate 
discomfort except by moaning 
or restlessness 

OR 
Has a sensory impairment 
which limits the ability to feel 
pain or discomfort over (?) 
body. 

2. Very Moist 
Skin of often, but not always 
moist. Linen must be changed 
at least once a shirt. 

2. Chairfast 
Ability to walk severely limited 
or non-existent. Cannot bear 
own weight and/or must be 
assisted into chair or 
wheelchair. 
2. Very Limited 
Makes occasional slight 
changes in body or extremity 
position but unable to make 
frequent or significant changes 
independently. 

2. Probably Inadequate 
Rarely eats a complete meal 
and generally eats only about 
(?) of any food offered. Protein 
intake includes only 3 servings 
of meat or dairy products per 
day. Occasionally will take a 
dietary supplement 

OR 
Receives less than optimum 
amount of liquid diet or tube 
feeding. 

2. Potential Problem 
Moves feebly or required 
minimum assistance. During a 
move skin probably slides to 
some extent against sheets, 
chair, restraints or other 
devices. Maintains relatively 
good position in chair or bed 
most of the time but 
occasionally slides down. 
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3. Slightly Limited 
Responds to verbal 
commands, but cannot always 
communicate discomfort or 
the need to be turned. 

OR 
Has some sensory impairment 
which limits ability to feel 
pain or discomfort in 1 or 2 
extremities. 

3. Occasionally Moist 
Skin is occasionally moist, 
requiring an extra linen 
change approximately once a 
day. 

3. Walks Occasionally 
Walks occasionally during 
day, but for very short 
distances, with or without 
assistance. Spends majority of 
each shift in bed or chair. 

3. Slightly Limited 
Makes frequent though slight 
changes in body or extremity 
position independently. 

3. Adequate 
Eats over half of most meals. 
Eats a total of 4 servings of 
protein (meat, diary products 
per day). Occasionally will 
refuse a meal, but will usually 
take a supplement when 
offered 

OR 
Is on a tube feeding or TPN 
regimen which probably 
meets most of nutritional 
needs. 

3. No Apparent Problem 
Moves in bed and in chair 
independently and has 
sufficient muscle strength to 
lift up completely during 
move. Maintains good 
position in bed or chair. 

Date of Assessment 

4. No lmpairment 
Response to verbal 
commands. Has no sensory 
deficit which would limit 
ability to feel or voice pain 
or discomfort. 

4. Rarely Moist 
Skin is usually dry, linen 
only requires changing at 
routine intervals. 

4. Walks Frequently 
Walks outside room at least 
twice a day and inside room 
at least once every two 
hours during waking hours. 

4. No Limitation 
Makes major and frequent 
changes in position without 
assistance. 

4. Excellent 
Eats most of every meal. 
Never refuses a meal. 
Usually eats a total of 4 or 
more servings of meat and 
dairy products. 
Occasionally eats between 
meals. Does not require 
supplementation. 


